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Introduction
Root canal treatment (RCT) is a basic part of com-
prehensive quality dental care. The incidence of 
RCT increases with the age of the population group 
at 3−6% for younger adults to 18−20% for patients 
older than 60 years.1 The relative proportions of 
tooth types that require RCT considerably vary by 
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age cohort, and therapy for all teeth peaks in the 
55- to 64-year age group.2
In Taiwan, the National Health Insurance (NHI) 
plan was implemented in March 1995. Almost 95% 
of the total population (> 22 million) participate in 
this insurance plan. Because dentists have to claim 
each dental treatment to the Bureau of NHI (BNHI) 
through the Taiwan Dental Association in order to 
get their service fees, the computerized dental 
database for every insured individual has been kept 
since March 1995. The national records of the Tai-
wan Dental Association are valuable to assist the 
study of the frequency of nonsurgical RCT (NSRCT) 
of the permanent dentition in different age groups 
of patients in Taiwan.
Materials and methods
Data on the population in Taiwan were obtained 
from the Ministry of Interior, Taiwan, and dental 
treatment records including the total number of 
dental treatments and the total number of NSRCT 
were obtained from the database of the Taiwan 
Dental Association. The dental records are a com-
puterized database that includes all dental treat-
ments. The present study only investigated and 
analyzed dental treatments claimed in 2006.
In this study, in order to match the age groups 
posted by the Ministry of the Interior, Taiwan, pa-
tient data were divided into seven age groups (5−14, 
15−24, 25−34, 35−44, 45−54, 55−64 and ≥ 65 years).
The dental treatment rate was analyzed in the 
seven age groups by the percentage of the popu-
lation which received services of the NHI in 2006. 
Numbers of permanent teeth which underwent 
NSRCT per 1000 patients were analyzed in the seven 
age groups of patients and by eight tooth types 
(central incisors, lateral incisors, canines, first pre-
molars, second premolars, first molars, second 
molars, and third molars) according to different 
age groups of patients in Taiwan.
In total, data on 1,907,325 permanent teeth 
which claimed NSRCT in 2006 were collected by 
searching the database for the specific BNHI pro-
cedure codes, which represent NSRCT performed 
on teeth with one (90001C), two (90002C), or three 
or more root canals (90003C).
Results
Dental treatment rates and numbers of NSRCT per 
1000 patients in different age groups of patients in 
Taiwan in 2006 are shown in Table 1. In 2006, the 
total population of Taiwan was 22,876,527, among 
which 21,783,585 individuals were older than 5 years. 
Of the 9,090,766 patients who received dental treat-
ment, 8,865,201 were older than 5 years. This gave 
an overall dental treatment rate of 40.7% for the 
total number of individuals older than 5 years of 
age. We found that individuals in the age group of 
5−14 years had the highest dental treatment rate 
(58.4%), followed in descending order by individu-
als in the age groups of 25−34 (41.1%), 55−64 (38.2%), 
45−54 (37.9%), 15−24 (37.4%), and 35−44 years 
(37.3%). The individuals in the oldest age group of 
≥  65 years had the lowest dental use rate (33.3%).
In total, 8,865,201 patients underwent differ-
ent kinds of dental treatments, and 1,907,325 per-
manent teeth received NSRCT. Thus, the overall 
number of NSRCT per 1000 patients was 215.1. The 
number of NSRCT per 1000 patients gradually in-
creased from 34.6 in the youngest age group of 
5−14 years to a peak of 342.5 in the next older age 
group of 55−64 years and then declined slightly to 
322.5 in the oldest age group of ≥  65 years.
Of those 1,907,325 teeth that received NSRCT, 
557,333 were anterior teeth (29.2%), 597,365 were 
premolars (31.3%), and 752,727 were molars (39.5%). 
Numbers of NSRCT per 1000 patients for the differ-
ent tooth types according to different age groups 
of patients in Taiwan in 2006 are listed in Table 2. 
The present study found that the most frequent 
Table 1. Dental use rates and number of nonsurgical root crown treatments (NSRCTs) in different age groups of 
patients in Taiwan in 2006
Age  Population,  Patients,  Dental use  NSRCT,  No. of NSRCTs/
(yr) n (%) n (%) rate (%) n (%) 1000 patients
5−14 3,052,689 (14.0) 1,782,359 (20.1) 58.4 61,740 (3.2)  34.6
15−24 3,369,155 (15.5) 1,260,737 (14.2) 37.4 254,697 (13.4) 202.0
25−34 3,834,785 (17.6) 1,574,775 (17.8) 41.1 336,103 (17.6) 213.4
35−44 3,777,807 (17.3) 1,410,685 (15.9) 37.3 356,976 (18.7) 253.1
45−54 3,478,994 (16.0) 1,317,717 (14.9) 37.9 392,816 (20.6) 298.1
55−64 1,983,126 (9.1) 757,249 (8.5) 38.2 259,383 (13.6) 342.5
≥ 65 2,287,029 (10.5) 761,679 (8.6) 33.3 245,610 (12.9) 322.5
All ages 21,783,585 (100) 8,865,201 (100) 40.7 1,907,325 (100) 215.1
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tooth type to receive NSRCT was first molars (21.0%), 
followed by second premolars (18.4%), second mo-
lars (16.7%), first premolars (13.0%), central inci-
sors (10.6%), lateral incisors (9.7%), canine (9.0%), 
and third molars (1.9%). In addition, first molars 
had the highest number of NSRCT per 1000 patients 
(45.1), followed in descending order by second 
premolars (39.5), second molars (35.9), first pre-
molars (27.9), central incisors (22.7), lateral inci-
sors (20.9), canines (19.3), and third molars (4.0).
The frequency of anterior teeth that received 
NSRCT increased with the age of patients, and ca-
nines became the most frequent tooth type of 
NSRCT in oldest age group of ≥ 65 years.
Discussion
The NHI plan of Taiwan began in March 1995. More 
than 95% of the population is covered by this insur-
ance plan. By accessing the database of the Taiwan 
Dental Association, we can study the epidemiology 
of NSRCT in different age groups of patients and for 
different tooth types in Taiwan. In this study, we 
found that the overall dental use rate of patients 
older than 5 years in Taiwan in 2006 was 40.7%; this 
dental use rate was lower than that (43.2%) re-
ported in the US in 1996,3 and that (70%) reported 
in Denmark in 2003.4 Patients in the 5- to 14-year 
age group had the highest dental use rate of 58.4%; 
this rate was even higher than that (52.5%) of the 
6- to 18-year age group reported in the US in 1996. 
This high dental use rate may be due to the com-
prehensive oral examination by dentists for every 
grade 1 and 4 students in elementary schools in 
Taiwan. Students with detected dental defects are 
asked to see their dentists for further dental treat-
ments. The dental use rate of patients in the age 
group 65 years and older was the lowest at 33.3%, 
which was much lower than the 41.3% reported in 
the US in 1996;3 this lower dental use rate in 
Taiwan may be due to fewer teeth retained in the 
oral cavity in elderly patients in Taiwan than in the 
US and the lower total income per person in Taiwan 
than in the US.
Factors causing the greatest dissatisfaction with 
RCT were cost, time consumption, and pain.5 The 
overall number of NSRCTs per 1000 patients in 
Taiwan was 215.1, which was about three times 
that (approximately 66) of Denmark.4 This high 
overall incidence may be attributed to fact that 
the NSRCT is covered by the NHI in Taiwan, and 
this may encourage patients to receive more RCT 
if needed, or due to oral health in Taiwan still 
being much poorer than that in Denmark.
RCT is covered by the NHI in Taiwan, but there 
are still some patients who ask endodontic special-
ists for higher-quality treatment which they pay 
for by themselves; therefore, the actual number 
may be a little bit higher.
Although previous studies reported a relatively 
lower frequency of high technical quality for root 
canal filling ranging from 14% to 65%,6−8 the NSRCT 
yielded a high success rate of > 90%.9 Epidemiologic 
studies also showed that although 16.8−64.5% of 
root canal-treated teeth had apical periodontitis, 
most of them still retained their function after 
treatment.10 Furthermore, three epidemiologic 
studies of large patient populations performed in 
the US11,12 and Taiwan13 showed that the long-term 
tooth retention rates after NSRCT were as high as 
92.9−97%. Other studies also demonstrated that 
the chance of root canal-treated teeth remaining 
functional over time was 91−97%.14 These results 
suggest that NSRCT is a valuable and effective 
treatment for saving teeth.
Previous studies showed that the incidence of 
RCT increases with age,2,4 and the cutoff points 
Table 2. Number of nonsurgical root canal treatments (NSRCTs) per 1000 patients and frequency in different tooth 
types according to different age groups of patients in Taiwan in 2006*†
 Tooth type
Age
  Central Lateral 
Canines
 First Second First Second Third 
All(yr)
 incisors incisors  premolars premolars molars molars molars
5−14 6.7 (19.4) 3.7 (10.7) 0.3 (0.9) 1.6 (4.6) 4.1 (11.8) 16.5 (47.7) 1.8 (5.2) 0.0 (0.0) 34.6
15−24 31.0 (15.3) 24.0 (11.9) 5.6 (2.8) 18.1 (9.0) 34.7 (17.2) 52.1 (25.8) 34.8 (17.2) 1.8 (0.9) 202.0
25−34 23.9 (11.2) 19.6 (9.2) 9.5 (4.5) 24.4 (11.4) 43.1 (20.2) 47.1 (22.1) 40.9 (19.2) 4.7 (2.2) 213.4
35−44 20.7 (8.2) 19.2 (7.6) 17.1 (6.8) 33.3 (13.2) 51.2 (20.2) 55.2 (21.8) 50.8 (20.1) 5.6 (2.2) 253.1
45−54 22.9 (7.7) 24.6 (8.3) 30.2 (10.1) 43.6 (14.6) 56.2 (18.9) 60.9 (20.4) 53.8 (18.0) 6.0 (2.0) 298.1
55−64 31.3 (9.1) 35.0 (10.2) 48.2 (14.1) 53.1 (15.5) 60.3 (17.6) 55.9 (16.3) 51.6 (15.1) 7.2 (2.1) 342.5
≥ 65 38.4 (11.9) 41.5 (12.9) 63.1 (19.6) 51.2 (15.9) 51.1 (15.8) 39.0 (12.1) 32.8 (10.2) 5.5 (1.7) 322.5
All ages 22.7 (10.6) 20.9 (9.7) 19.3 (9.0) 27.9 (13.0) 39.5 (18.4) 45.1 (21.0) 35.9 (16.7) 4.0 (1.9) 215.1
*Data are presented as n (%); †percentages in each age category may not add up to 100% because of rounding.
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of different age groups in the present study dif-
fered from those of previous studies. Our results 
showed a comparable tendency in the incidence 
of RCT. A recent study from Taiwan13 showed that 
the percentages of each tooth type that received 
NSRCT in 1998 were 23.7% for anterior teeth, 29.8% 
for premolars, and 46.5% for molars. The present 
study also showed that more molars (39.5%) re-
ceived NSRCT than premolars (31.3%) or anterior 
teeth (29.2%).
The most frequent tooth type treated by NSRCT 
in the present study was first molars (21.0%), fol-
lowed by second premolars (18.4%), second molars 
(16.7%), first premolars (13.0%), central incisors 
(10.6%), lateral incisors (9.7%), canines (9.0%), and 
third molars (1.9%); this distribution of NSRCT in 
different types was similar to that reported in a 
previous study.2 However, when we analyzed the 
incidences of NSRCT in different tooth types in each 
age group, we found that first molars had the high-
est incidence of NSRCT in the age groups of 5−14, 
15−24, 25−34, 35−44, and 45−54 years. This find-
ing may have been due to the fact that the first 
molar is the first erupted tooth which has the high-
est incidence of dental caries. In the age group of 
5−14 years, the incidence of NSRCT for central in-
cisors was higher than that for the other tooth 
types except for first molars, and the high inci-
dence of dental trauma of central incisors in this 
age group might explain this situation. Second 
premolars had the highest incidence of NSRCT in 
the age group of 55−64 years. Canines had the 
highest incidence of NSRCT in the age group of 
≥ 65 years. These results may indicate the earlier 
loss of molars than second premolars and canines 
in elderly patients; also, canines are mostly used 
as abutment of overdentures and require NSRCT 
before making removable dentures for patients 
≥ 65 years.
In conclusion, the present study showed that 
the incidence of NSRCT in Taiwan in 2006 increased 
with age. The most frequent tooth type that re-
ceived NSRCT was first molars, followed in de-
scending order by second premolars, second molars, 
first premolars, central incisors, lateral incisors, 
canines, and third molars. The frequency of treat-
ment of anterior teeth increased with the age of 
patients.
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